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@ A roof antenna capable of receiving three

kinds of bands, i.e., a FM radio band, an AM
radio band, and a wireless-telephone band, in-

cludes an antenna elennent 10 having a struc-

ture that a conductor 15 winds around the

insulator 16 in the fonm of a coil. A molded
portion 14 is fomned at the bottom of the anten-

na element, in which a trap coil is inserted. The
electric length from the antenna top 11 to the

internal metal fitting 17 at the lower end of the

antenna element 10 is about a quarter of a FM
radio wave. The electric iength from the internal

metal fitting 1 7 to the lower end of the trap coil

12 is about a quarter of a wireless telephone

wave. A cover 1 9 supporting a basal part of the

antenna element installs the first substrate 20
and the second substrate 21. The first substrate

20 and the second substrate 21 have a matching
circuit, branching filters, and amplifiers.
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The present invention relates to an antenna.

An antenna according to the present invention

nnay be used in a number of applications. For in-

stance, the antenna may be mounted in use to a

house for receiving TV, radio or mobile phone signals.

However, the present invention is particularly useful

when the antenna is mounted to a vehicle, such as the

roof of a car. For convenience, reference shall only be

made hereinafter to a roof antenna for a car.

There are various kinds of car antennas. Recent-

ly, a roof antenna set up on the roof of a car is popular

because setting up an antenna at the highest place

enhances the sensitivity. Since a FM radio and an AM
radio are generally fixed inside a car, a roof antenna

capable of receiving radio waves in both a FM radio

band and an AM radio band has been spreading.

As shown in Fig. 12, such a conventional roof an-

tenna 100 capable of receiving waves within two

kinds of bands is fixed in the rear part of a car roof.

Fig. 13 illustrates a circuit of the roof antenna 100.

Fig. 14 shows an external appearance of the roof an-

tenna 100 in detail.

As shown in Fig. 13, a signal received by the an-

tenna element 101 fixed on a car roof is induced into

the inside of a car through a matching circuit 1 02 and

input to an amplifying unit 103 disposed in the car.

Note that the matching circuit 102 works so that the

antenna element 101 matches to a FM radio band.

Then, signals input to the amplifying unit 1 03 are

branched into two kinds of signals, i.e. signals for a

FM band and signals for an AM band by a branching

filter 104, and both kinds of signals are amplified by

amplifiers 105 and 106, respectively. The amplified

FM signals are output from an output terminal 1 07 and

induced into a FM receiver. The amplified AM signals

are output from an output terminal 108 and induced

into an AM receiver.

When a receiver can receive both AM and FM sig-

nals, signals which are output from an output terminal

107 or 108 are first mixed, and then, induced into an

AM/FM receiver through a cable.

As shown in Fig. 14, this type of roof antenna has

an antenna top 114 at the top end of an antenna ele-

ment 113. The base portion of the antenna element

113 is molded to be a basal part 112 of the antenna

element. The basal part 112 of the antenna element

is attached to a cover 111, thereby the antenna ele-

ment 113 is supported by an antenna case. The cover

111 has the matching circuit 102 therein. The cover

1 1 1 and an antenna base 110 engaged with the cover

111 constitute the antenna case. The antenna case is

attached to a car roof.

Afeed cable 116 drawn out of the matching circuit

1 02 in the antenna case is taken in the amplifying unit

103 disposed in a car. In the amplifying unit 103,

waves are branched and amplified as shown in Fig.

13. The amplified FM signal is induced into a FM re-

ceiver through the first cable 117, and the amplified

AM signal is induced into an AM receiver through the

second cable 118.

When a receiver can receive both AM and FM sig-

nals, both AM and FM signals are first mixed, and

5 then, induced intoan AM/FM receiver through a cable.

In the conventional roof antenna, the antenna

case has only a matching circuit 1 02. The reason why
the amplifying unit 103 is disposed outside of the an-

tenna case is that the volume of a projecting part out-

10 side a car is regulated in Europe to be not more than

40mm in height and not less than 2.5 of R(radius of

curvature) of the projecting part. This regulation is ap-

plied to the volume of an antenna case excluding the

antenna element, and the volume of the antenna case

15 is required to be controlled so as to clear the afore-

mentioned regulation. Therefore, the antenna case

could not increase its volume, and the amplifier 103

could not be installed in the antenna case. In addition,

a large projecting part generally mar the beauty ofthe

20 external appearance of a car.

As described above, the cover 111 has the match-

ing circuit 102 therein. In order to connect the match-

ing circuit 1 02 to the antenna element 113 electrically,

a metal fitting for connecting an antenna element is

25 arranged on top of the cover 111 . The basal part ofthe

antenna element is fixed on the cover 111 by means
of the metal fitting. The metal fitting is connected with

the matching circuit 102 inside the cover 111. Thus,

the antenna element 1 1 3 is connected to the matching

30 circuit 102 electrically.

Fig. 15(a)(b)(c) shows the structure of connect-

ing the aforementioned metal fitting with the match-

ing circuit 102 as conventional examples.

Fig. 15(a) shows that one end of a connecting

35 piece 121 consisting of lead wire is connected, by sol-

dering, to a substrate 119 having the matching circuit

102. The other end of a connecting piece 121 is con-

nected to the bottom surface of the metal fitting 120.

Asoldering iron is inserted into the space between the

40 cover 111 and the substrate 119 for soldering. The

lead wire as a connecting piece 121 is long enough

to leave a margin because the soldering is conducted

before the cover 111 covers the antenna base 110.

Fig. 15(b) shows that one end of a connecting

45 piece 121 is connected, by soldering, to a substrate

119 having a matching circuit 102. The other end of

the connecting piece 121 is subjected to screw cut-

ting. Then, the cover 111 is fixed to the antenna base

110, followed by screwing the connecting piece to the

50 metal fitting 120 from the central hole of the metal fit-

ting 120. Thus the metal fitting 120 for connecting an

antenna element is electrically connected with the

connecting piece 121.

Fig. 15(c) shows that one end of a connecting

55 piece 121, which is made of elastic metal, is connect-

ed, by soldering, to a substrate 1 1 9 having a matching

circuit 102. When the cover 111 having the metal fit-

ting 120 engages with the antenna base 110, the

2
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other end of the connecting piece 121 contacts with

the bottom of the metal fitting 120 so as to obtain

electrical connection.

However, a conventional roof antenna has some
problems, i.e., a conventional roof antenna requires

the space for storing the amplifying unit, and the set-

up of the amplifying unit or the like requires complex

handling.

Since a conventional roofantenna cannot receive

electric-waves in a wireless telephone band, a car

loaded with a wireless telephone requires another an-

tenna.

According to a first aspect of the present inven-

tion, we provide an antenna capable of receiving elec-

tromagnetic signals in three different frequency

bands, comprising:

an antenna element having a trap coil; and

an antenna case comprising branching filter

means, amplifiers, and a mixer,

wherein said antenna element is formed such

that the electric length from the bottom end of said

antenna to the trap coil is resonant with signals in the

first frequency band, an electric length from the bot-

tom end of said antenna to said antenna top is reso-

nant with signals in the second frequency band, an

electric length of the whole antenna element receives

signals in the third frequency band;

wherein said branching filter means separates

and outputs said signals in the first frequency band,

and inputs said signals in the second and third fre-

quency bands into respective amplifiers, said ampli-

fiers outputting amplified signals at said second and

third frequencies; and

wherein said amplified signals are mixed by

said mixer and output from said antenna case.

The antenna according to the present invention

provides the advantage of ease of handling of the an-

tenna, since only cables need to be led into the car.

The present invention also provides an antenna capa-

ble of receiving electric-waves in three frequency

bands, for example for a wireless telephone besides

radio waves in AM and FM radio bands.

In a preferable embodiment of the invention, we
provide a roof antenna capable of receiving three

kinds of bands, comprising: an antenna element hav-

ing a trap coil in the middle thereof; and an antenna

case, fixed on the roof of a car, installing a branching

filter means, amplifiers, and a mixer; wherein the an-

tenna element is constituted so that an electric length

from the bottom end of the antenna to the trap coil is

resonant with signals having the first frequency, an

electric length from the bottom end of the antenna to

the antenna top is resonant with signals having the

second frequency, an electric length of the whole an-

tenna element receives signals having the third fre-

quency; the branching filter means branches and out-

puts the signals having the first frequency from three

kinds of bands; the signals having the second fre-

quency and the signals having the third frequency

branched by said branching filter means are ampli-

fied respectively by the amplifiers; and the amplified

signals having the second frequency and the third fre-

5 quency are mixed by the mixer and output from the

antenna case.

Furthermore, many problems arise in the struc-

tures shown in Fig. 15(a)(b)(c). As for the structure in

Fig. 15(a), when the connecting piece is soldered to

10 the metal fitting, it is prone to melt the cover made of

synthetic resins. In addition, this structure requires

that the connecting piece is long enough to leave a

margin because the soldering is conducted before the

cover is fixed to the antenna base. The structure has

15 a problem that the length ofan antenna up to a match-

ing circuit is not regularized.

As for the structure of Fig. 15(b), moisture pene-

trates into the cover through the hole for a positive

screw and corrodes the substrate and the like. As for

20 the structure in Fig. 15(c), the metal fitting and the

connecting piece are electrically connected by only

contacting with each other. Therefore, the contact is

unstable and prone to be disturbed by moisture pene-

trating into the cover for some reason.

25 According to a second aspect of the present in-

vention, we provide an antenna comprising:

an antenna case; and

an antenna element fixed in use to said anten-

na case;

30 wherein said antenna case comprises a cover

and a base;

said cover comprising a metal fitting portion

having a depression for connecting the antenna ele-

ment fixed watertightlyatthetop portion of said cover

35 so that said depression faces the outside, said metal

fitting having an internal engaging portion at the bot-

tom thereof;

further comprising a metal connecting piece

electrically connected with a substrate fixed to said

40 base;

wherein an external engaging portion is

formed at one end of said metal connecting piece by

making cuts in radial directions so as to have tongues

bend downward; and

45 said cover is pressed to insert said internal en-

gaging portion into said external engaging portion so

that said metal fitting portion is electrically connected

to said substrate.

The second aspect of the present invention pro-

50 vides a structure in which the metal fitting for con-

necting an antenna element is stably connected to the

substrate installed inside the cover.

In the invention, an internal engaging portion is

formed at the bottom of the metal fitting connected

55 with the cover, and an external engaging portion is

formed on a metal connecting piece fixed on the sub-

strate. Thus, the metal fitting is engaged with the con-

necting piece by push-and-lock system.

3
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Typically, a matching circuit and an amplifying

unit are installed in the cover to which a basal part of

the antenna element is fixed. In a preferable embodi-

ment, the substrate carries the matching circuit which

is electrically connected to the antenna element. 5

Typically, a plurality of substrates are installed in

the antenna case having a small space. Typically, the

substrates carry at least a matching circuit and an

amplifying circuit.

In a preferred embodiment of the second aspect io

of the invention, we provide a roof antenna capable of

receiving three kinds of bands comprising: an anten-

na case fixed on the roof of a car; and an antenna ele-

ment capable of receiving three kinds of bands, fixed

to the antenna case; wherein the antenna case com- 15

prises a cover and a base; a metal fitting portion for

connecting an antenna element, having a depression

is fixed watertightly at the top portion of the cover so

that the depression faces the outside, the metal fit-

ting having an internal engaging portion at the bottom 20

thereof; a metal connecting piece is electrically con-

nected with a substrate fixed to the base; an external

engaging portion is formed at one end of the metal

connecting piece by making cuts in radial directions

so as to have tongues bent downward; and the cover 25

is pressed to insert the internal engaging portion of

the metal fitting for connecting an antenna element

engages into the external engaging portion so that

the metal fitting for connecting an antenna element is

electrically connected to the substrate. 30

in a further preferred embodiment, we provide an

antenna according to both the first and second as-

pects of the invention.

The branching filter means comprises at least

one branching filter. An amplifying unit is installed in 35

the small space surrounded by the cover and the an-

tenna base. Therefore, only a cable is led into the in-

side ofa car, and the space for installing an amplifying

unit is not required in a car. Further, the antenna can

be used for three kinds of electric waves since the an- 40

tenna element has a trap coil.

Further, the structure gives an electrically stable

connection and does not have a gap from which mois-

ture penetrates because the metal fitting for connect-

ing an antenna element is engaged with the connect- 45

ing piece by push-and-lock system. Therefore, a reli-

able electrical connection can be maintained.

Fig. 1 shows a circuit diagram of a roof antenna

capable of receiving three kinds of waves of the pres-

ent invention. so

Fig. 2 shows an external appearance of a roof an-

tenna capable of receiving three kinds of electric

waves of the present invention.

Fig. 3(a)(b)(c) shows a structure of an engage-

ment of a metal fitting for connecting an antenna ele- 55

ment with a metal connecting piece of the present in-

vention.

Fig. 4(a)(b)(c) shows another structure of an en-

gagement of a metal fitting for connecting an antenna

element with a metal connecting piece of the present

invention.

Fig. 5 shows an embodiment of installing a plur-

ality of substrates in an antenna case.

Fig. 6 shows another embodiment of installing a

plurality of substrates in an antenna case.

Fig. 7 is a detailed circuit diagram of a roof anten-

na capable of receiving three kinds of electric waves

of the present invention.

Fig. 8(a)(b) shows a means of fixing on a car roof

a roof antenna capable of receiving three kinds of

electric waves of the present invention.

Fig. 9(a)(b) shows the difference of a VSWR
property between a roofantenna of the present inven-

tion and a conventional antenna for an exclusive wire-

less-telephone band.

Fig. 10(a)(b) shows the difference of horizontal

directivity between a roof antenna of the present in-

vention and a conventional antenna for an exclusive

wireless-telephone band.

Fig. 11(a)(b) shows the difference of perpendic-

ular directivity between a roof antenna of the present

invention and a conventional antenna for an exclusive

wireless-telephone band.

Fig. 12 shows an embodiment of fixing a roof an-

tenna on the roof of a car.

Fig. 13 is a circuit diagram of a conventional roof

antenna capable of receiving two kinds of electric

waves.

Fig. 14 illustrates an external view of a conven-

tional roof antenna capable of receiving two kinds of

electric waves.

Fig. 15(a)(b)(c) illustrates structures of conven-

tional engagements of a metal fitting for connecting

an antenna element with a connecting piece.

Fig. 1 shows a circuit diagram of an example of a

roof antenna capable of receiving three kinds of elec-

tric waves of the present invention.

As shown in Fig. 1 , signals received by an anten-

na element 1 are input to a branching filter 3 through

a matching circuit 2. The signals are branched into

two, i.e., signals in a wireless telephone band and sig-

nals in FM/AM bands by the branching filter 3. The

signals in a wireless telephone band are output from

the first cable 8 and supplied to a wireless telephone.

The signals in FM/AM bands are further branched

into two, i.e. signals in FM radio band and signals in

AM radio band by a branching filter 4. The signals in

FM radio band are amplified by an amplifier 5 and in-

put to a mixer 7, and the signals in AM radio band are

amplified by an amplifier 6 and input to a mixer 7.

Further, the signals forFM radio band and the sig-

nals for AM radio band are mixed by the mixer 7, out-

put from the second cable 9, and supplied to an

AM/FM receiver.

The circuit surrounded by the broken line in the

figure is installed in the space inside the antenna case

4
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constituted by an antenna base and a cover. The cir-

cuit is fixed on, for example, two substrates.

Incidentally, the power is supplied to the amplifier

5 and the amplifier 6 through the second cable 9 as

shown by the broken line. 5

Fig. 2 shows an external appearance of a roof an-

tenna of the present invention.

In Fig. 2, an antenna element 10 has a structure

that a conductor 15 winds around an insulating mate-

rial 16 in the form of a coil. The antenna element 10 io

has an antenna top 11 on top thereof. The lower end

of the antenna element 10 is molded with synthetic

resins having elasticity such as rubber so as to form

a molded portion 14. Inside the molded portion 14, a

trap coil 12 is inserted into the antenna element 10 15

and connected to the antenna element 10. The trap

coil 12 is further connected to a coil spring 13 which

is a part of the antenna element. The coil spring 1 3 is

fixed to a internal metal fitting 1 7 arranged at the low-

er end of the coil spring. The internal metal fitting 17 20

is threadably attached to a metal fitting 23 for con-

necting an antenna element 23.

The molded portion 14 having the aforemen-

tioned coil spring 13 therein is flexible enough to ab-

sorb an external force so as to prevent the antenna 25

element 10 from snapping off.

The length from the antenna top 11 of the anten-

na element 10 to the internal metal fitting 17 at a bot-

tom end of an antenna is about a quarter of the wa-

velength of a FM radio band. The length from the in- 30

ternal metal fitting 17 to the lower end of the trap coil

12 is about a quarter of the wavelength of a wireless

telephone band.

The antenna cover 19 tightly holding an antenna

element has a metal fitting 23 for connecting an an- 35

tenna element watertightly. The cover 19 is engaged

with the antenna base 18. The inner volume of the

space formed by the antenna cover 19 and the base

1 8 is about 30cc. The first substrate 20 and the sec-

ond substrate 21 are installed in the cover 19. Further, 40

the metal fitting 23 is electrically connected with the

first substrate 20. The first substrate has, for exam-

ple, a matching circuit 2 and a branching filter 3. A
branching filter 4, an amplifier 5, an amplifiers, and

a mixer 7 are mounted on the second substrate 21 . 45

These substrates 20 and 21 are fixed to the antenna

base 18 by an angle joint 22. The first cable 24 and

the second cable 25 are led from the antenna base 1

8

so as to be connected to a telephone and an AM/FM
receiver, respectively. so

The first substrate 20 and the second substrate

21 is disposed perpendicularly to the base 18. Each

of the substrates has a shape along the inner surface

of the antenna cover 19. The embodiment has two

substrates. However, the antenna case may have 55

more than two substrates.

The structure for electrically connecting the met-

al fitting 23 connected with the cover with the first

substrate 20 is described hereinbelowon reference to

Fig. 3(a)(b)(c). Note that the second substrate 21 is

omitted from this figure.

As shown in Fig. 3(a), one end ofa metal connect-

ing piece 26 having a shape of L is fixed to the sub-

strate 20 by soldering. On the other end of a metal

connecting piece 26, an external engaging portion 27

is arranged. The external engaging portion 27 is

formed by making cuts in radial directions to form ton-

gues 30 as shown in Fig. 3(c). The tongues 30 are

bent so as to form the external engaging portion 27.

At the bottom of the metal fitting 23 for connect-

ing an antenna element, a cylindrical internal engag-

ing portion 28 is arranged. This internal engaging por-

tion 28 is a projection having a cylindrical shape with

necking. To engage the internal engaging portion 28

with the external portion 27 of the metal connecting

piece, the cover 19 is positioned over the antenna

base 18 so that the portion 28 can match the portion

27. When the cover 1 9 is pushed downward as shown

by an arrow, the cylindrical portion 28 is inserted into

the portion 27 with pushing the tongues 30, and the

end of the tongues are caught by the neck of the in-

ternal engaging portion 28. At the same time, the cov-

er 19 is engaged with the antenna base 1 8.

This system of engagement is called a push-and-

lock system, which has realized the electrically stable

and reliable connection.

Fig. 4(a)(b)(c) illustrates other examples of con-

necting the metal fitting 23 and the metal connecting

piece 26.

An example is shown in Fig. 4(a) and Fig. 4(b). In

Fig. 4(a), the metal connecting piece 26 is formed so

that the external engaging portion 27 is positioned

just above the first substrate 20. The external engag-

ing portion 27 is arranged at one end ofthe metal con-

necting piece 26. The metal connecting piece 26 is

fixed on the first substrate 20 at the other end. Fig.

4(b) is a cross-sectional view at the line A-A in Fig.

4(a). As shown in Fig. 4(b), the first substrate 20 has

a depression 32, in which the internal engaging por-

tion 27 of the metal connecting piece 26 is placed. A
cross-sectional view at the line B-B in Fig. 4(b) is Fig.

4(a).

Thus, the metal connecting piece 26 is supported

by the first substrate 20 in the example shown in Fig.

4(a) and 4(b). Therefore, the metal connecting piece

26 is not bent when the external engaging portion 27

is pressed by the internal engaging portion on the

metal fitting 23, thereby the metal connecting piece

26 and the metal fitting 23 are easily engaged with

each other.

Another example of connecting the metal fitting

23 with the metal connecting piece 26 is shown in Fig.

4(c).

The metal connecting piece 26 is formed so as to

partially surround the first substrate 20 as being illu-

strated. One end of the metal connecting piece 26 is

5
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soldered to the substrate 20. Therefore, the metal

connecting piece 26 can engage with the metal fitting

23 without bending even when the external engaging

portion 27 is pressed because the first substrate 20

supports the metal connecting piece 26 for reinforce-

ment.

Each of Figs. 5 and 6 shows another embodiment

of an antenna case having a plurality of substrate

therein.

In the structure of the substrates shown in Fig. 5,

both the first substrate 20 and the second substrate

21 have a round shape along the inner surface of the

cover. These substrates 20 and 21 are installed in the

antenna case so as to be parallel to the unillustrated

base 18. Further, the metal fitting 23 is pressed down
so that the internal engaging portion 28 engages with

the external engaging portion 27, and thereby the

metal fitting 23 is electrically connected to the first

substrate 20. The first substrate 20 has, for example,

a matching circuit 2 and a branching filter 3. The sec-

ond substrate 21 has, for example, a branching filter

4, an amplifier 5, an amplifier 6, and a mixer 7. These

substrates 20 and 21 abut, at their circumferences, on

the notches 34 and 35 each having a shape of ring,

respectively, when the cover 19 engages with a base

18. That is, the first substrate 20 abuts on the first

notch 34, and the second substrate 21 abuts on the

second notch 35. In this figure, the antenna case has

two substrates, i.e., the first substrate 20 and the sec-

ond substrate 21. However, the antenna case may
have more than two substrates.

In the structure shown in Fig. 6, the substrates

20, 21, and 33 are disposed perpendicularly to the

base 18. Though the disposition of the substrates 20

and 21 shown in Fig. 2 are similar to that of the sub-

strates in Fig. 2, the substrates 20, 21, and 33 are

fixed on the base in the manner of rotating in 90°. Fur-

ther, the metal fitting 23 is pressed onto the connect-

ing piece 26 attached on either the first substrate 20

or the third substrate 33 so that the connecting piece

26 is electrically connected with one of the sub-

strates. The matching circuit 2, branching filters 3 and

4, amplifiers 5 and 6, and a mixer 7 are divided into

two and disposed on the first substrate 20 and the

third substrate 33. These substrates are fixed on the

base by angle joints 22.

In this figure, each of the substrates has a shape

of square. However, a substrate having a shape along

the inner surface of the cover 19 can have a larger

surface area, and becomes suitable for an antenna

case having a low height. The number of the sub-

strates is not limited to three, and two substrates or

more than three substrates may be installed in the an-

tenna case.

Fig. 7 shows the details of the circuit shown in Fig.

1.

In the circuit shown in Fig. 7, a matching circuit 2

including an inductor and a capacitor is connected to

an Input. A branching filter 3 is connected to the

matching circuit 2. The branching filter 3 includes a

high-pass filter and a low-pass filter. The low-pass fil-

ter having inductors in a cascade connection in series

5 and capacitors branches signals for an AM/FM radio

band. The high-pass filter having capacitors in a cas-

cade connection in series and inductors branches sig-

nals for a wireless telephone band.

The branched signals for a wireless telephone

10 band are output from Output (telephone). The branch-

ed signals for an AM/FM radio band are input to a

branching filter 4. In the branching filter 4, a high-

pass filter having a capacitor in a cascade connection

branches the signals in a FM radio band, and a low-

15 pass filter having an inductor in a cascade connection

branch the signals in an AM radio band. The branched

signals in a FM radio band are amplified by an ampli-

fier 5, and the branched signals in an AM radio band

are amplified by an amplifier 6.

20 The amplifier 5 outputs the signals in a FM radio

band, and the amplifier 6 outputs the signals in an AM
radio band. Both kinds of signals are mixed by a mixer

7, followed by being output from Output (AM/FM).

Power is applied to +B, and the power is supplied

25 to the amplifier 5 and the amplifier 6 through a power-

branching filter. When the +B line is connected to Out-

put (AM/FM), the power can be supplied to the ampli-

fier 5 and the ampi if ier 6 by sharing the line for Output

(AM/FM).

30 The circuit shown in Fig. 7 is mounted on the sur-

face of the substrates each having a shape along the

inner surface of the cover 1 9 so that the circuit can be

installed in a miniaturized antenna case having a ca-

pacity of about 30cc. When a wireless telephone has

35 a high transmitting output, coils of the matching cir-

cuit 2 and the branching filter 3 are prone to damage
by burning. Therefore, the coil LI of the matching cir-

cuit and the coil L2 of the branching filter are made
of thick wire without any core.

40 The aforementioned roof antenna of the present

invention is fixed on the roof of a car at its rear end,

for example, as shown in Fig. 8(a). Fig. 8(b) shows a

magnified cross-sectional view of the portion where

the roof antenna is fixed. As show in this figure, the

45 roof antenna 40 is fixed on the roof 41 of a car by a

fixing means 45. The fixing means 45 is installed in a

space between the car roof 41 and a reinforcing plate

44. 42 denotes a rear spoiler, and 43 denotes a tail

gate.

50 As to the conventional roof antenna for two kinds

of radio waves shown in Fig. 14, an amplifying unit

103 requires to be installed in a car. The shape of the

amplifying unit 103 limits the place for fixing the am-

plifying unit 103. Since the amplifying unit 103 cannot

55 be installed in the space between the roof 41 and the

reinforcing plate 44, it is disposed inside the car room

out of the space between the roof41 and the reinforc-

ing plate 44. It made the lead of a cable difficult. How-

6
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ever, according to the present invention, only cables

are required to be led out of the antenna case. It

nnakes the lead of cables easy.

The properties of the roof antenna, capable for re-

ceiving three kinds of bands, fixed on the roof as

shown in Fig. 8 is described herein below in connpari-

son with those of a conventional antenna on refer-

ence to the Figs. 9-11.

Fig. 9(a)(b) shows the difference of a voltage

standing wave ratio (VSWR) property in the frequen-

cy of a wireless-telephone band. Regarding the roof

antenna of the present invention, as shown in Fig.

9(a), VSWR at the point 1 having a frequency of 870

MHz is about 1.43, VSWR at the point 2 having

915MHz is about 1.10, and VSWR at the point 3 hav-

ing 960MHz is about 1 .48. The data show the excel-

lent property of the roof antenna of the present inven-

tion.

The antenna for a wireless-telephone band is

fixed on the roof besides a conventional roof antenna

for two bands. As shown in Fig. 9(b), VSWR at the

point 1 having 870MHz is about 1.16, the point 2 hav-

ing 915MHz is about 1.23, and VSWR at the point 3

having 960MHz is about 1.42. This indicates that the

antenna of the present invention has an equal effi-

ciency with an antenna only for a wireless-telephone.

Fig. 10(a)(b) shows a horizontal directivity when
a frequency is 960MHz. Fig. 1 0(a) shows the property

of a roof antenna of the present invention. Fig. 10(b)

shows the property of a conventional roof antenna

only for a wireless telephone. The comparison shows

that the roof antenna of the present invention has

about the equal efficiency with a conventional anten-

na only for a wireless telephone though the roof an-

tenna of the present invention is a little inferior to the

conventional antenna in non-directivity as a whole.

Further, Fig. 11(a)(b) shows a perpendicular di-

rectivity when a frequency is 960MHz. Fig. 11(a)

shows the property of a roof antenna of the present

invention. Fig. 11(b) shows the property of a conven-

tional roof antenna only for a wireless telephone. The

comparison shows that the roof antenna of the pres-

ent invention has about the equal efficiency with a

conventional antenna only for a wireless telephone

though the antenna has a slight difference in the

launch angle.

Thus, the antenna of the present invention shows

properties as good as those of a conventional anten-

na, and thereby the present invention has a particular

effect of the function. That is, it is not required to fix

two antennas on the roof of a car or the like.

Since the roof antenna of the present invention

has such a structure as described above, the antenna

case can install a matching circuit, branching filters,

and an amplifying unit though the antenna case is low

and has a narrow inner space. Therefore, only the

cable is led into a car and a space for installing an am-

plifying unit is not required inside a car. Further, an

antenna element has a trap coil so that electric-wa-

ves in a wireless-telephone band can also be re-

ceived by the antenna in the present invention, there-

by the number of the antenna and the space for fixing

5 the antenna can be reduced.

Furthermore, the structure gives an electrically

stable connection and moisture does not penetrate

into the cover because the metal fitting for connecting

an antenna element is engaged with the connecting

10 piece by push-and-lock system, and thereby a reli-

able electrical connection can be maintained.

Claims

15

1 . An antenna capable of receiving electromagnetic

signals in three different frequency bands, com-

prising:

an antenna element (1) having a trap coil

20 (12); and

an antenna case comprising branching fil-

ter means (3,4), amplifiers (5,6), and a mixer (7),

wherein said antenna element is formed

such that the electric length from the bottom end

25 of said antenna to the trap coil is resonant with

signals in the first frequency band, an electric

length from the bottom end of said antenna to

said antenna top is resonant with signals in the

second frequency band, an electric length of the

30 whole antenna element receives signals in the

third frequency band;

wherein said branching filter means (3,4)

separates and outputs said signals in the first fre-

quency band, and inputs said signals in the sec-

35 ond and third frequency bands into respective

amplifiers (5,6), said amplifiers outputting ampli-

fied signals at said second and third frequencies;

and

wherein said amplified signals are mixed

40 by said mixer (7) and output from said antenna

case.

2. An antenna comprising:

an antenna case; and

45 an antenna element (10) fixed in use to

said antenna case;

wherein said antenna case comprises a

cover (19) and a base (18);

said cover comprising a metal fitting por-

50 tion (23) having a depression for connecting the

antenna elementfixed watertightly atthe top por-

tion of said cover so that said depression faces

the outside, said metal fitting having an internal

engaging portion (28) at the bottom thereof;

55 further comprising a metal connecting

piece (26) electrically connected with a substrate

(20) fixed to said base;

wherein an external engaging portion (27)

7
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is formed at one end of said metal connecting

piece (26) by making cuts in radial directions so

as to have tongues (30) bend downward; and

said cover is pressed to insert said internal

engaging portion (28) into said external engaging 5

portion (27) so that said metal fitting portion (23)

is electrically connected to said substrate.

3. An antenna according to claims 1 and 2.

10

4. An antenna according to any of the preceding

claims, wherein said antenna element is consti-

tuted so as to receive signals having frequencies

for a wireless telephone band, a FM radio band,

and an AM radio band. is

5. An antenna according to claim 4 when dependent

on claim 1, wherein said first frequency band is

for a wireless telephone band, said second fre-

quency band is for a FM radio band, and said third 20

frequency band is for an AM radio band.

6. An antenna according to claim 1, or 3 to 5, where-

in said branching filter means, said amplifiers,

and said mixer are separately fixed on a plurality 25

of substrates installed in said antenna case.

7. An antenna according to claim 6, wherein said

cover has a plurality of notches each having a

shape of ring, said substrates abutting on said 30

notches so that said substrates are installed sub-

stantially parallel to said base.

8. An antenna according to any one of claims 1 or 3

to 7, wherein said branching filter means, said 35

amplifiers, and said mixer are installed in said an-

tenna case having a capacity of not more than

about 30cc.

9. An antenna according to claim 2, capable of re- 40

ceiving electromagnetic signals in three different

frequency bands.

10. An antenna according to any of the preceding

claims, wherein said antenna case is fixed to the 45

roof of a vehicle.

50

55
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